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Abstract 
Electroluminescent (EL) wire is a unique kind of wire because it glows when attached to a power 
source. EL wire has many applications, both creative and practical. For example: Burning Man 
enthusiasts like to adorn their clothing with the flexible wire, and emergency responders use it to 
mark off accidents on the road at night. What makes EL wire glow is the electrical reactions 
between its copper wires and phosphor coating. The problem with this wire, however, is that it is 
very difficult to connect it to a battery. This is due to the wire’s structure. Beneath its protective 
plastic shielding, EL wire has a core copper wire, double wrapped with a very fine pair of copper 
wires.  These fine copper wires are hard to solder to, and can break without much effort. 
Standard soldering methods use a basic alligator tooth style double clamp to hold EL wires in 
place for soldering. This device is very poorly made, as one must tighten and re-tighten every 
moveable joint for a precision solder. Adjusting these clamps can be maddening, especially when 
many EL solder joints must be made. There must be a better way to terminate EL wire, therefore 
various connection methods are considered as possible solutions. They are: improved hand 
soldering, machine soldering, conducive epoxy, and crimping. Ultimately it was decided that an 
improved solder technique would prove to be the best solution. And it entailed manufacturing a 
custom fixture that would hold the EL wire for easy soldering. The design went though many 
phases and was tested to see if it commanded a faster soldering time over its clamping 
counterpart. The results suggest the fixture has a mean soldering time that is statistically 
significantly less than the mean soldering time of the alligator clamps, with ninety-five percent 
confidence. An economic analysis determined that if even just one electrician were to try to 
profit off of making EL wire assemblies, working either full-time or part-time, he or she would 
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save money in labor hours by purchasing the fixture. A hobbyist on the other hand, who makes 
only a few EL wire assemblies a month, might be stretching his or her wallet too far by spend the 
money for the fixture. The bottom line is that if someone stands to make a profit off EL wire 
assemblies, or is serious about making all kinds of EL artwork, this fixture will save the user 
time.   
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Chapter 1: Introduction 
This project focuses on the assembly of electroluminescent (EL) wire, a thin wire that glows 
when an electrical current run through it. Scott Monett, of Crosswind Holding, LLC, sponsored 
this project out of his love for the Burning Man experience. Burning Man is a yearly festival held 
in Nevada’s Black Rock Desert that celebrates artistic creativity in many forms. One form of art 
expression is in costume design, which is often complemented by stitching EL wire into the 
fabric. Another use for the EL wire is to aid event security. During the event, security personnel 
patrol the area, which at night can mean patrolling in zero visibility conditions (pitch black). This 
makes it difficult to see people, especially when they must respond to an emergency. EL wire 
thus can often have dual functionality, for practical and creative applications. 
 
Figure 1 - EL Wire (left) and Inverter Wire (right) 
 In order to facilitate the artistic creativity of burning man patrons and hobbyists, there 
must be an easy way to join electroluminescent wire with a power supply. The current method 
involves soldering the EL wire to a pair of wires that are routed to an inverter, which is then 
routed to a battery. The only difficult aspect of assembly comes from soldering the EL wire to 
the inverter wires. This is due to the EL wire composition, which consists of a main core copper 
wire coated with phosphorus, wrapped by two extremely thin copper wires. One inverter wire 
must be joined to the main core copper wire, and the other inverter wire to the fine copper wires; 
see Figure 1. Soldering the two fine wires to an inverter wire is the most difficult step of the 
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process, due to the thin wire’s delicate structure. To make the assembly of an EL wire simpler 
and faster, improvements in the wire termination must be achieved. 
 
Figure 2 - Double Alligator Style Clamps 
 The goal of the project is to significantly reduce the termination time in EL wire 
assembly. This is accomplished by researching and testing typical joining methods against 
alternative methods. The most problematic tool to use while soldering EL wire is the double 
alligator style clamp, as shown in Figure 2. This device holds two wires in place so both hands 
are free to hold the soldering iron and solder. The alligator clamp is hard to use because its joints 
do not move smoothly and must constantly be tightened and retightened for precision soldering. 
It’s draw, however, is that it is widely available and inexpensive. A new fixture was ultimately 
designed and produced to give the perfect platform for making EL wire solder joints. This new 
device is tested against the double clamp fixture, to see if any significant reductions in solder 
time can be made, and financially justified. 
  
5 
 
Chapter 2: Literature Review 
2.1 How EL Wire Works 
Electroluminescent wire is a very unique type of wire that illuminates when connected to an 
electrical power source. To explain how this display of light works, the structure of an EL wire is 
examined; refer to Figure 3. At its center, the EL wire is made of a copper core that is coated 
with a thin layer of phosphor. Wrapped in a double helix around the phosphor coated wire, are 
two very thin (near human hair thickness) copper wires. A translucent PVC sleeve sandwiches 
this structure, which is shrouded again by a dyed PVC sleeve [1]. When the core wire and fine 
wires are connected to a single power source, electrons in the phosphor react to create a glowing 
white like hue. It is the outer most PVC layer that produces the effect of different colors. These 
components all work together to give EL wire its beautiful glow, but to understand exactly how 
they react, an atomic perspective must be understood. 
 
Figure 3 - EL Wire Structure [2] 
 When an EL wire is connected to an alternating current source, moving electrons in the 
conductive copper core and fine copper wires react with the phosphorus to make it glow. These 
electrons travel from the core copper lead to the fine double helix wire lead because an 
alternating electromagnetic field is created between the two conductors, pulling the electrons 
through the phosphor layer [3]. The current that passes through the phosphor continually knocks 
the phosphor’s electrons from a lower energy state to a higher energy state. When they promptly 
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return to their original state, a photon, or light, is emitted as depicted in Figure 4 [4]. 
Luminescence is crated from this electron jump, but only at specific energy levels will visible 
light be emitted. Zinc-Sulfide (ZnS), a sample phosphor, when excited in isolation will emit a 
large UV photon when its electrons return from their excited state. This is because the gap 
between its high energy state and low energy state is very wide. This gap can be shortened, 
however, with the introduction of copper (as used in the EL wires). Energy levels in the copper 
bridge the gap between zinc-sulfide’s higher and lower permissible energy states. As copper 
electrons are excited by a current, they leave vacancies called luminescence centers, which are 
populated by excited ZnS electrons. When the ZnS electrons return to their original state from 
the luminescence centers, visible light is produced dude to the shorter energy jump. [3] The 
alternating electric field is not responsible for removing electrons from the luminescent centers, 
it does, however, accelerate free moving electrons that collide with the centers to remove them. 
[3] This process only occurs when an alternating current source is used. 
 
Figure 4 - Atomic Reaction 
 An AC power source is the only way to illuminate EL wire, as any unassisted direct 
current source will not function.  Alternating current moves electrons in both directions between 
its magnetic poles, whereas direct current moves electrons in only one direction. The problem 
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with direct current is that when it passes through the phosphor, glowing will only commence for 
a very short duration. EL wires would become useless if they did not have their constant glow, 
this is why an AC source is critical. The alternating current sends electrons in both directions of 
the circuit, and flows continually through the phosphor, producing its distinct glow [1]. Even 
though AC current is preferred, DC sources are desired if the glowing EL wire is to become 
portable. Inverters make it possible for EL wires to become mobile. An inverter converts the 
direct current of a battery into a usable alternating current [5]. Most inverters produced for EL 
wires are inexpensive and not very sophisticated. They come in all different shapes, sizes, and 
configurations, to suit any lighting need. They also work with any number of battery capacities, 
the most popular for EL clothing applications being AAs, AAAs, and 9 volts. Once powered, the 
EL wire can light up anyone’s interest for all sorts of projects.  
 As one can imagine, the use of EL wire is only limited by the creativity of its beholder. It 
has limitless potential for business signs, decorations, clothing, interior design, emergency 
responders, and any special lighting project. Unlike most light sources EL wire glows cool to the 
touch, is highly flexible, relatively inexpensive, and durable. To compare EL wires against rope 
lights, neon signs, or fiber optics in terms of electrical consumption, it costs up to 500 times less 
to operate EL wire [6]. For the same energy it would take to power one light bulb, a 1000 feet EL 
strand could powered instead [6]. With such high use life, EL wire is a great value for any 
project.   
2.2 Connections 
In order to make an EL wire glow, it must be connected to a power source or inverter if using a 
direct current. There are many methods to make a good electrically conductive connection, but 
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only a few techniques are compatible with EL wires. The ones that will be addressed include: 
soldering, conductive epoxy, crimping, and splicing.  
 
Figure 5 - Soldering 
 Soldering is one of the most common and simple ways to join two metal conductors. This 
process involves “using a molten filler metal to wet the mating surfaces of a joint, with or 
without the aid of a fluxing agent, leading to the formation of metallurgical bonds between the 
filler and the respective components [7].” Figure 5 depicts the soldering of two electrical wires 
for reference. The molten solder (always <450oC [7]) is easy to apply once heated by a soldering 
iron, and quickly cools to produce a highly conductive electrical connection suitable for most 
electrical application. This is all possible due to solder’s structure. Solder is composed of 
primarily tin and lead combinations, and can be augmented with other metals for various 
applications. The tin and lead are used because they form a eutectic composition, one that 
seamlessly transitions from a solid to liquid (and vice verse) when applied to the proper 
temperature. This allows for immediate solidification between components, decreasing the 
chances of moment or disturbance, and for use with the lowest possible heating temperature [8]. 
The 60-40 tin-lead mix is the most common variant of lead based solder, and although it is not 
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truly eutectic, commands a low price [8]. Health concerns over the use of lead in consumer 
products have, however, driven health agencies and manufactures to adopt lead-free solders for 
widespread use. [9] Most lead free solders are comprised of a tin-silver-copper mixture, and 
though its performance versus a lead based solder are not fully known [10], it is still a safer 
alternative for most soldering applications. Lead free solder is widely used in the Cal Poly 
engineering laboratories, and is therefore the only type of solder used in experimentation. In 
designing a solution with soldering, a new way to hold the EL wires was inspired by the poorly 
made alligator clamps used in the online EL wire soldering tutorials; see Figure 2 and reference 
[11]. These clamps rely on screws and wing nuts to tighten it moveable joints in order to give 
wires stability for soldering. Adjusting the clamps can be a job within itself, and therefore should 
be improved or replaced. A new fixture could do a better job of holding the wires for soldering. 
Since machines and humans can both use fixtures in assembly, the design for a new jig was 
envisioned to be used by man and machine. In this study, lead-free soldering is considered the 
standard or default method for making connections. Refer to Appendix B for a quick step by step 
breakdown of the EL wire assembly process including soldering. For a more thorough guide 
through each step, see references [11] and [12]. Solder joints are very straight forward to make, 
but is not the only option for making electrical connections. 
 Conductive epoxy offers similar performance to soldering, but with any alternative it has 
its advantages and disadvantages. Epoxy is an adhesive bonding that uses polymetric material 
combined with additives to essentially glue components together. A chemical reaction, often 
simply caused by exposure to air, creates hydrogen-type bonds between the dried hard plastic 
adhesive and the area of application [7]. Electrically conductive adhesives are made of this 
epoxy resin, and filled with gold or silver particles, ten to twenty micrometers in diameter. The 
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problem with this kind of material is that it is much harder to rework than soldering [8]. It also is 
much more expensive than solder, due to conductive requirements that call for 60-80% of the 
adhesive filler to be gold or silver, and has lower electrical conductivity than solder [9]. On the 
other hand, the epoxy does offer high flexibility, resistance to creep, and stress dampening, 
making it fatigue resistant. It also operates at lower temperatures (120-150o
 
C) and poses no 
health or environmental hazards [8]. Though conductive epoxies are a costly alternative to 
solder, they still are an excellent alternative to soldering. The main problem with using this 
material in experimentation, however, is that it has a lengthy cure time – over 18 hours – when 
cured at room temperature [13]. In an effort to make quicker assembly times, the addition of a 
long curing phase doesn’t help the process. Curing ovens could speed up the process, but this 
would still require the addition of a curing time, however short it may be. For this critical reason, 
conductive epoxy was eliminated as a potential solution. If cycle time is not important, however, 
conductive epoxy is still a good alternative to soldering. 
 
Figure 6 - Butt Connector Style Crimp  
Figure 7 - Types of Wire Crimps [11] 
 Crimping is the process of joining two components by a “mechanical deformation,” 
characterized by the absence of a heating cycle applied to the joining components [7]. Essentially 
this procedure involves clamping a crimp connector to the ends of an electrical lead, as observed 
in Figure 6. Depending on the type of crimp connector (see Figure 7), the lead of a wire is either 
contacted by plunging into the wire (B-Crimp) or by direct contact with its surface (O-Crimp). 
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The electrical conductance across the connection is a product of the area in contact, and can vary 
depending on material used and clamping force applied [7]. Crimps are designed to approach, 
but not exceed, the tensile strength of the wire. If it does, the wire will experience significant 
reduction in cross-section, producing a weak joint or high electrical resistance [14]. Like any 
connection method, crimping too has its appeal and limitations. Some advantages are that 
crimping does not require solder, it is a cold connection. Crimp connectors are also relatively 
cheap and require only a short cycle time to connect [15]. Disadvantages include not being able 
to rework crimps; once the crimp connector has been clamped, it cannot be reshaped [16]. If a 
poor connection is made, the crimp must be removed and replaced with a new one. Crimping 
tools can also be costly. Inexpensive clamps or crimpers are effective for most small time or 
household crimps; however, each style of crimp has a matching tool that will provide the correct 
clamping force and location [14]. These specific crimping tools can become expensive, 
especially if more than one style crimp is utilized. The old adage “they give you the razor, but 
you have to buy the blade” is fitting for crimp connectors and crimping tools respectively. 
Regardless of tool pricing, crimping is a fast and effective way to join wires. Early testing for 
experimentation used O-crimp style butt connectors to make the EL wire connections, and 
produced a few working assemblies. Unfortunately the fine copper wires proved to be more 
difficult to work with in this process than did in soldering. Because the diameter of the wires is 
so small, most crimps could not get a good hold of them and had to be thrown away. And those 
crimps that did make a working connection were very fragile. A little tug on the wire is all it took 
for the fine copper wire to break from its butt connector. Due to the difficulty experienced in 
preliminary testing, and the high potential for failure in the connection, crimping was not used in 
experimentation. 
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Figure 8 - Splicing EL Wire 
 The easiest method to terminate two wires is simply to twist, or splice their exposed leads 
(Figure 8) and insulate the connection with electrical tape. The beauty of splicing and taping is 
that it requires no special tools to perform. The process is also very quick, assuming the leads of 
the two wires are not rigid. This method, however, has some serious drawbacks, especially when 
working with smaller gauge wires. The connection is mechanically poor as it can be easily pulled 
or vibrated loose, and can cause excessive resistance which will lead to a short circuit [17]. 
Unless there are no other options available, this method should be avoided. Table 1 summarizes 
of all four connection methods discussed.  
Table 1 - Electrically Conductive Connections 
Type of Connection Notes 
Solder Uses low melting point alloy to engulf conducting wires 
Conductive Epoxy Hard plastic conductive bond (when cured) 
Crimping Cold welding technique 
Splicing Weak, but quick connection 
 
2.3 Automation 
In an attempt to explore mass production of complete EL wire assemblies, one must find as 
many ways to remove the human operator. This can be accomplished by using machines to 
automate the process. Two elements in the assembly, stripping and soldering, have the best 
potential for automation. Many companies manufacture automatic stripping machines and 
several do-it-yourselfers have made their own using simple tools and some serious programming; 
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refer to reference [18] for a do-it-yourself video example. Stripping EL wires can be difficult, 
especially considering how easily the fine copper wires can be torn off. Therefore if a machine 
can do it with pin point accuracy, less material will be wasted in the process. Soldering 
automation is critical to the electronics manufacturing industry, as some components require 
hundreds of connections to be made. Several machines on the market perform soldering, such as 
reflow, which directs molten solder and flux out through a nozzle onto leads of a printed circuit 
board as it passes by on a conveyor [19], and selective solder, which uses a soldering iron on a 6-
axis computer numeric control and is also used for printed circuit boards; refer to reference [20] 
for a selective soldering video example. Soldering is the most difficult and tedious step in EL 
wire assembly, therefore if a machine can remove the monotony and save on cycle time, it is 
worth looking into. The newly designed soldering fixture was aimed for use by man, and 
possibly by automated robots. The choice of machine over man must present considerable 
advantages, however, as mechanical endeavors can become very costly expenditures. The idea of 
soldering EL wire with a robot is enticing, as it would eliminate all tedium in assembly, but is 
not practical. Preliminary research suggests that mechanical moving soldering robots are priced 
in the thousands for simple variants, and in the tens of thousands for more functional models. 
Unless the project sponsor is trying to corner the EL wire assembly market, this is too great a 
cost for testing. Robots are sophisticated machines that work tirelessly on any job, but their 
efficiency often comes at a high price. In any process, however, it is worth exploring as an 
effective alternative to human operators. 
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Chapter 3: Design and Experimentation 
3.1 Fixture Design 
The first fixture rendition to replace the alligator clamps was modeled in SolidWorks, and can be 
seen in Figures 9 and 10. The original five piece design was to be used in conjunction with a 
vice, so that the bottom three pieces would not move. The left most ends are slotted for five 
different EL wire sizes. The bottom middle piece is cut so that a stripped EL wire’s core wire 
will sit flush against its surface, on a thin sheet of soldering mat to be cut. The right most piece is 
cut to fit two smaller gage inverter wires, and are aligned for each size EL wire. Male and female 
slots are cut in both top and bottom end pieces for easy alignment. Figure 11 shows the path for 
soldering on the final design. Though the original design was never manufactured, its soldering 
points are identical to the path of the final design. Before metal was ever cut, however, many 
improvements were made to the design. 
 
Figure 9 - First Design: Bottom Pieces 
 
Figure 10 - First Design: Assembled
 
 The first design changed significantly, as many features were refined and wastes 
eliminated. See Appendix A for detailed engineering drawings of the improved design. To keep 
the weight and initial material requirements down, each piece was reduced in thickness. Each 
piece had an initial thickness of approximately 0.6 inches; the bottom pieces were reduced to half 
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an inch thick and the top pieces were cut to one quarter inch. A 45 degree chamfer on the top 
inside edged of both top pieces was cut to avoid crashing the soldering iron into the fixture 
(Figure 12). Instead of manufacturing three bottom pieces, one bottom piece was machined to 
eliminate the need to vice them together. An insulated insert to solder against took the need for a 
soldering mat. As a result, a slot was cut in the middle so that the EL wire copper core would lay 
flat against the insert.  The male/female slots were scrapped, as they would have been difficult to 
machine and to get the ideal tolerances. The female ends wouldn’t be as difficult to cut, but the 
male ends would require the many machine passes to get the correct structure. Screws took their 
place for easier manufacturing, as only a hole would need to be bored and tapped for a single 
screw. V groves for the EL wire slots and W groves for the inverter wire slots were cut instead of 
the half circle and double half circle slots. This allows the fixture to handle more variation in 
wire size, because the V and W slots will sandwich the EL and inverter wires against a flat 
surface, as opposed to the original design which sandwiches the wires between half cylinders. 
Another design modification was to cut for three EL wire sizes, instead of five, for simpler 
manufacturing, and because the project sponsor only provided three different EL wire sizes. 
These modifications were made to the original SolidWorks files and was then rapid prototyped 
on campus.  
 
Figure 11 - Soldering Points 
 
Figure 12 - Purpose of Chamfer
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 The rapid prototype machine is very effective at making any part imaginable. It 
essentially takes a three dimensional drawing and prints it out, layer by layer, like an office 
printer. Instead of ink, the rapid prototype machine prints out a thin layer of hard plastic. Where 
there is negative space in a design, a water soluble material is printed so that the prototype keeps 
its shape. This process can take several hours, however, even for a part that is one cubic inch. 
Nevertheless, it is an effective way to make a rigid part. The rapid prototype of the new fixture 
can be found in seen in Figure 13. The point of building the rapid prototype was to preview what 
the jig will actually look like to make more improvements if possible. 
 
Figure 13 - Rapid Prototype 
3.2 Rapid Prototype to Machined Aluminum 
The fixture was fit tested with all three size EL wires, and their respective inverter wires, and in 
every case the wires and leads aligned as designed. The only design flaw came from using the 
wing nuts. Their added bulk made it difficult to freely maneuver a soldering iron and solder, so 
they were removed. The screws were not removed however; they were instead to be flipped 180 
degrees and fed from the top, into a threaded assembly. This newly improved design was 
machined out of aluminum stock on a hand fed, digital mill, in a Cal Poly manufacturing lab. 
Images of the part can be found in Figure 14. Once it was cleaned up and de-burred, it was ready 
for use in experimentation. 
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Figure 14 - Machined Fixture 
 
Figure 15 - Screws Tightening from the Top 
 
Figure 16 - Using Longer Screws, Tightening from the Bottom 
3.3 Experimentation 
The experiment performed is a time study of the soldering process. In examining the EL wire 
assembly process (see Appendix B), it was determined that experimentation would be isolated to 
Steps 6 and 7. The other steps were not included in the time study because the new fixture only 
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effects the soldering cycle times. Before actual testing took place, some practice testing was 
performed to minimize soldering time on the new fixture. One feature that was modified was the 
placement and size of the screws. Tightening the screws from the top is an effective way to 
clamp EL wire in place as pictured in Figure 15; however, to attain a faster solder time longer 
screws were used from the bottom up as seen in Figure 16. The weight of the top pieces and 
support from the screws provide enough force to easily alight the wires for soldering. Since there 
is no tightening required, the top pieces are free to move for wire placement and removal. This 
saves the time it would take to tighten and un-tighten screws that are threaded from the top. This 
will be the configuration used for testing. 
 The test was performed using 20 students from Cal Poly’s College of Engineering. 10 
students were sampled from the IME 156 - Basic Electronics Manufacturing class and the other 
10 were sampled from the IME 458 - Microelectronics and Electronics Packaging class.  In each 
class 5 students soldered using the alligator clamps (Figure 2) and 5 soldered using the newly 
manufactured fixture.  
 
Figure 17 - Inverter Wire with Plug 
 
Figure 18 - Inverter Wire Substitute
 Sample EL wires and inverter wires were cut, stripped, and prepared for soldering 
(through Step 5 in Appendix B). Only one EL wire size was cut (the medium 2.5mm stock), to 
avoid any variation in the small sample. And the ideal inverter wire was not used (Figure 17), 
because they were unavailable at the time of testing. Instead wire stock was used to simulate the 
inverter wire (Figure 18).  One EL wire and a pair of inverter wires were provided to each 
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subject for soldering. Each subject was prompted whether or not he or she had and any 
experience soldering. If the answer was yes, the following statement was read after each student 
consented to performing the experiment: 
I am performing a time study for my senior project. You will be soldering 
electroluminescent wire to a pair of inverter wires, using either the double clamps or the 
new fixture. What’s cool about EL wire is that it glows when a current is run through it. 
The problem is that there are two fine copper wires [show the EL wire to subject], that 
make for difficult soldering. You must make two solder joints, the first the main copper 
wire [point to exposed tip of EL wire] to an inverter wire. Second, the fine copper wires 
to the other inverter wire against the copper tape [point to copper tape]. The device holds 
the wires like so [setup EL and inverter wires in the respective device to show subject 
how to use it and then remove once they understand]. Once you are finished, remove the 
wires from the device. 
Any questions were then cleared up before experimentation began. Figures 19-21 are sample 
pictures of the test area. A hot soldering iron and solder were provided, and the iron was pre-
tined for every sample. Each subject’s soldering time was recorded from the moment they picked 
up a wire, till he or she took out a completely soldered wire assembly.  The results are complied 
and analyzed in the next section.  
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Figure 19 - Test Area 
21 
 
 
Figure 20 - Manufactured Fixture Test Layout 
 
Figure 21 - Alligator Clamp Test Layout 
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Chapter 4: Results  
4.1 Statistical Analysis 
The results from the time study were as expected and can be found in Table 2. For the most part, 
all solder times performed with the newly made fixture were faster than on the alligator clamps. 
After entering the data into Minitab, statistical computing software, statistics were generated and 
a two sample t-test was performed (see next page for MiniTab results). The average time it took 
to solder on the machined fixture was 54.3 seconds less than the average time on the alligator 
clamps. The alligator clamp times also hand much more variation with such a high standard 
deviation of 48.6 seconds, whereas the fixture times had less variation with its smaller standard 
deviation of 18.8 seconds. The two sample t-test confirms that there is a significant difference in 
soldering times with its p-value of 0.004 and 95% confidence. The reason the designed fixture 
performed almost a minute quicker than the competition is likely due to its simplistic design. The 
device is custom made to hold EL wires, and its drop-in top pieces make for quick and easy 
soldering. Only small adjustments to wire leads are necessary to make a good solder joint. Now 
that it’s determined that the new EL wire fixture stands to save the user time, an economic 
analysis will show its profitability. 
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Table 2 - Raw Data (in Seconds) 
Alligator 
(156) 
Jig 
(156) 
Alligator 
(458) 
Jig 
(458) 
Alligator 
Combined 
Jig 
Combined 
174.1 97 104.7 58.42 174.1 97 
170.75 84.1 228.44 58.4 170.75 84.1 
72.81 79.07 174.32 94.62 72.81 79.07 
128.43 87.82 140.7 76.88 128.43 87.82 
99.32 80.46 88.53 122.61 99.32 80.46 
        104.7 58.42 
        228.44 58.4 
        174.32 94.62 
        140.7 76.88 
        88.53 122.61 
 
Minitab Results 
 
 
 
 
 
 
 
 
 
 
4.2 Economic Analysis 
A net present value of six scenarios was calculated and can be found in Appendix C. Table 3 is a 
breakdown of important economic figures, and Figure 27 is a screenshot of the excel file used to 
calculate the values in Table 3. Before this information can be interpreted, the assumptions will 
give some background to the assessment. If one were to profit off making EL wire solder joints, 
they would likely do it full-time, or part-time. It was calculated that per assembly, about one 
minute of time would be saved when using the fixture over alligator clamps. Now assuming the 
person performing the solder joints is paid an average electrician’s wage of $24.91 [21], that is a 
Two-Sample T-Test and CI: Alligator Combined, Jig Combined  
 
Two-sample T for Alligator Combined vs Jig Combined 
 
                     N   Mean  StDev  SE Mean 
Alligator Combined  10  138.2   48.6       15 
Jig Combined        10   83.9   18.8      5.9 
 
 
Difference = mu (Alligator Combined) - mu (Jig Combined) 
Estimate for difference:  54.3 
95% lower bound for difference:  24.7 
T-Test of difference = 0 (vs >): T-Value = 3.29  P-Value = 0.004  DF = 11 
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savings of ~$0.376 per EL wire assembly. It is roughly estimated that a part time or freelance 
electrician could easily make 100 complete EL wire assemblies per month, and a full time 
electrician, working an eight hour day, could make 100 assemblies per day. Revenue is 
calculated from the savings per assembly, times the number of units produced per electrician for 
12 months. Costs for the new fixture were estimated from the best industry quotes for making 1 
fixture, 10 fixtures, and 100 fixtures; they are attached in Appendix D. In the manufacturing 
industry the more units purchased usually means a lower price per unit, therefore the cost of 
ordering 100 fixtures will assume it is for 100 electricians each earning revenue either freelance 
or fulltime; similarly, ordering 1 fixture for 1 electrician, and 10 fixtures for 10 electricians.  
 The remaining assumptions for the net present value calculations include: a three year 
modified accelerated cost recover depreciation rate, a sales tax of 8.75%, zero salvage value, a 
five year service life, and 10% interest rate. The net present values, internal rate of return, and 
payback period were calculated for each case (Table 3) by inputting the total fixture costs, 
number of electricians, and assemblies performed per month into the excel calculator (Figure 
27). In every scenario, the net present value is positive, with excellent internal rate of returns. 
The pay back periods are also relatively short in all cases. This means that even at the lowest 
level – 1 freelance electrician buying 1 fixture – there stands to gain a profit from savings in 
labor hours. Even though a solo part-time electrician would spend a year waiting to pay off the 
cost of the fixture, he or she would really start to see the saving in years two through five. 
Therefore, if this device is used to make a profit, it has both sound economical and statistical 
support for improving the EL wire assembly. Like any design, however, there are features that 
can be enhanced. 
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4.3 Further Improvements & Future Study 
A good engineer will always strive for continuous improvement, and there are even more design 
modifications that could be implemented on the EL wire fixture. For better contact between the 
top and bottom pieces, the screws can be replaced with a pin and magnet system. The pins will 
fill the holes in the top pieces, and will feed into wells in the bottom piece. At the bottom of each 
well, and end of each pin, will be a magnet that will pull the top pieces into the bottom piece. 
More material could be removed from the fixture for lighter weight or improved cosmetics as 
well. Additional testing could be also performed, using all three EL wires sizes and the correct 
inverter wires (with plugs), to further validate the results. Future students may want to extend the 
study of this project or apply it to a class project, so other areas of study can include the 
following. Taking an ergonomic centered approach – study how the human hands interact with 
soldering tools and the new fixture; suggest improvements. Automate the fixture manufacturing– 
a customer would like 10 or more units of the fixture, program HAAS CNC machine language to 
perform the job on a campus mill. EL wire is comes in different sizes, can be used with different 
style inverters, and can support a number of battery capacities – determine the best combinations 
for maximum EL wire life. Solder is sold in a number of different alloy combinations – find the 
solder with the best tensile strength for EL wire joints. 
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Chapter 5: Conclusion 
Electroluminescent wire is a distinct kind of wire because it glows. What makes it difficult to 
work with, however, is its physical structure. Thin copper wires are wrapped around a copper 
core coated in phosphor, inside two layers of plastic.  These thin wires are as small as a human 
hair and are thus difficult to solder to its inverter wires. This makes for long and tedious 
soldering times, so there must be some way to improve the wire connection process. Areas that 
were researched as possible solutions include: conductive epoxy, crimping, improved manual 
soldering, and machine soldering. Improved manual soldering proved to be the only feasible 
solution approach; therefore it was developed by manufacturing a new fixture that would give 
EL wire and its inverter pair a custom fit for soldering. A time study was performed to test the 
new fixture against the commonly used double alligator style clamps. The results show that the 
new jig does indeed produce a statistically significantly faster solder time than the alligator 
clamps, with ninety-five percent confidence. Economic justification can also be made, in the 
labor savings the device would produce. A hobbyist who makes only a few solders a month 
probably wouldn’t invest in such a fixture, but, if you are a serious artist, freelance, full time 
electrician, or anyone who makes many EL wire assemblies, this new device will save you time 
in assembly.  
 The project objective was accomplished, as the process cycle time was reduced. The 
biggest lesson learned during this project, was that any endeavor involving milling machines will 
require considerable skill. If unversed in this area, or the knowledge has faded, start practicing 
right away. Even if the cuts are simple, it there is considerable learning curve on these powerful 
machines. Make sure to follow all safety procedures as well, and give careful thought to every 
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move. If the project could have been restarted, it would have also been beneficial to have had a 
partner. More potential solutions would have been researched and more subjects could have been 
tested if two minds attacked the same problem. The project, nevertheless, was enjoyable, and has 
opened up author’s world to a luminescent future. 
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Appendix B
EL Wire Assembly: 
Step 1 
 
Cut the EL wire to the desired length 
Need: Wire Stripper or Shears 
Step 2 
 
Strip EL wire 
Need: Wire Stripper 
Step 3 
 
Strip the phosphor off of the core wire 
Need: Razor 
Step 4 
 
Wrap copper tape just past the stripped wire 
Need: Copper Tape 
Step 5 
Peel back the fine copper wires over copper 
tape 
Step 6 
 
Align the leads for soldering 
Step 7 
Solder at two points 
Need: Soldering Iron, Solder 
Step 8 
 
Heat shrink core EL solder joint 
Need: Heat Gun, Heat Shrink 
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Step 9 
 
Heat shrink both connections 
Need: Heat Gun, Heat Shrink 
Step 10 
 
Test the connection 
Need: Inverter & Battery 
 
 
Figure 22 - Tools and Material Needed 
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Figure 23 - Additional Tools and Material Needed 
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Figure 24 - Male Inverter Wire with Plug 
This wire is the propper piece for soldering to EL wire. 
It’s plug allows for easy compatability with portable inverters. 
 
Figure 25 - Female Inverter Wire with Plug 
This plugs into the male end, and feeds back into an inverter. 
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Figure 26 - Complete EL Wire Assembly
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Appendix C 
Table 3 - Economic Analysis 
# of 
Electricians 
1 
Freelance  
10 
Freelance  
100 
Freelance 
1 Full 
Time 
10 Full 
Time 
100 Full 
Time 
Net Present 
Value 
$1,176 $13,810 $149,800 $47,400 $476,000 $4,770,00 
Internal 
Rate of 
Return 
98% 200% 449% 3,060% 6,020% 13,450% 
Pay Back 
Period 
1 year 6 months 1 quarter 11 days 7 days 3 days 
 
 
Figure 27 - Excel NPV/IRR/PBP Calculator 
The blue cells are the inputs, the orange cell is the Net Present Value, the red cell is the Internal 
Rate of Return, and the yellow cell is the Pay Back Period. 
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Appendix D 

QUOTE
Date
5/16/2011
QUOTE #
15962
Name / Address
Cal Poly
Terms FOB
Thank you for the opportunity to quote your machined parts!
Prices are good for 30 days from date shown above.
Total
Subtotal
Sales Tax (9.75%)
Item Description Qty Rate Total
Bottom (0.50in) 1 617.51 617.51
Bottom (0.50in) 10 98.59 985.90
Bottom (0.50in) 100 48.10 4,810.00
Top (0.25in) 1 414.73 414.73
Top (0.25in) 10 53.48 534.80
Top (0.25in) 100 17.42 1,742.00
Top (0.25in) Inverter 1 399.37 399.37
Top (0.25in) Inverter 10 59.68 596.80
Top (0.25in) Inverter 100 29.17 2,917.00
